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. . . 

During t h e  r e p o r t i n g  p e r i o d  of  A p r i l  1, 1966 t o  October 1, 1966, 

o u r  e f f o r t s  have been devoted p a r t l y  ( I )  t o  improve and complete t h e  

l aser  heterodyne method a s  a s e n s i t i v e  d i a g n o s t i c  t o o l  of gaseous plasmas, 

and (11) t o  s tudy  t h e  i n t e r a c t i o n  of  t h e  g a s  of  e l e c t r o n s  wi th  t h e  g a s  

o f  e x c i t e d  atoms i n  l a s e r i n g  plasmas. 

I .  The work on t h e  laser heterodyne method of  plasma d i a g n o s t i c s  can 

be summarized as  fo l lows :  

1. I n  o r d e r  t o  minimize t h e  mechanical i n s t a b i l i t y  involved  i n  t h e  

use  of  two (He-Ne) l a s e r s ,  t h e  system desc r ibed  i n  p rev ious  

r e p o r t s  has  been moved t o  a conc re t e  f l o o r e d  basement l o c a t i o n .  

The plasma t o  be s t u d i e d  was p laced  i n  t h e  o p t i c a l  c a v i t y  of 

one o f  t h e  two H e - N e  gas lasers  used i n  he te rodyning .  

plasma i s  a l s o  surrounded on p a r t  o f  i t s  l e n g t h  by a microwave 

c a v i t y  (of % 5 GHz resonance f requency)  e x c i t e d  i n  t h e  TM 

mode. 

2 .  

The 

010 

3. The plasma o f  24 c m  l eng th  w a s  produced e i t h e r  i n  a rgon  or i n  

helium a t  low gas  p re s su res  and narrowly pu l sed .  The lasers  

were s imul taneous ly  o s c i l l a t i n g  a t  0.6328 1-1 and 1.1523 p. 

4 .  A change i n  t h e  forming and/or decaying plasma r e f r a c t i v i t y  

r e s u l t e d  i n  a s l i g h t  change of  t h e  l a s e r  f r e q u e n c i e s  ( w i t h i n  

t h e  Doppler widths of t h e  laser l i n e s ) .  

by now s t anda rd  o p t i c a l  heterodyne t echn iques  wi th  t h e  h e l p  of 

t h e  second H e - N e  laser used as r e f e r e n c e .  

Th i s  change w a s  measured 

5 .  A simultaneous microwave c a v i t y  measurement of  t h i s  r e f r a c t i v i t y  

enabled  u s  t o  compare t h e  e l e c t r o n  d e n s i t i e s  down t o  1 0  inches  

measured by t h e s e  two independent t e c h n i q u e s .  The e x c e l l e n t  

agreement i n  t h e  r e s u l t s  ob ta ined  wi th  t h e s e  methods c o n s t i t u t e s  

a r easonab ly  adequate proof of t h e  c o r r e c t n e s s  of  t h e  o p t i c a l  

t echn iques .  These r e s u l t s  have been submi t ted  f o r  p u b l i c a t i o n  

i n  t h e  Applied Phys ic s  Let te rs . ’  

t h i s  work i s  be ing  p r i n t e d .  

A d e t a i l e d  t e c h n i c a l  r e p o r t  on 

1 I 
J .  T .  Verdeyen, B .  E .  Cher r ington  and M .  E .  Fe in ,  “ S p a t i a l l y  Resolved 

Laser Heterodyne Measurements of  P l a s m a  D e n s i t i e s  i n  Weakly Ion ized  Gases”. 



11. The i n t e r a c t i o n  between t h e  e l e c t r o n  gas  and t h e  gas  of t h e  e x c i t e d  

atoms made use  of a xenon l a s e r .  The results of t h i s  work are 

desc r ibed  i n  due d e t a i l  i n  a r e p o r t  to be i s sued  s h o r t l y .  


